mu^m^m (j p) 



(12) <]k m 4^ 1^ <k m (A) 
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(43)liI)8Q ^kU#<1992)]0^21Q 



(BDInt.Cl.^ saS'lfiE^ ffJ^ISSS^ F I S^fJ^7r©/5^ 

HOIL 21/205 7739-4M 
33/00 C 8934 -4M 

//HOIS 3/18 9I70-4M 



(2))aiS3i#^ 


#5^^3-89840 


(71)aiKA 


000226057 












3iJ5£ 3 ^-(1993) 3 ^278 




(Sgi!IP=imm±4'ffJ049]#MlOO 






(72)fgH;j# 






32259 




^Bi^pg^m±4^PTI53491#ilblO0 BM^b 




^3(1991) 1 ^31B 






(33)ffi5fe^ti^ll 


( J P) 


(74)^^3 A 





(54) [^q^cD^f^] ^^b;yU'^i:.^^fc^ife¥«(4^coil^Sidc^:^ii 



(57) mm) 

im0L] -^^t^s GaiAIi-iN (mLxliO<x 



T, m2/'^yy 7^(D-fiSl^f}K GaiAli-xN ({Sb 
XI10<X^ 1 <0355STfc6) r7sk:^ni>Ct^^^t 

[sSJ}^Ji2] S«iO±lC. -i^jC?i>^G axA 1 i-xN 
({BLXJ10<X^ lC7)S6ST^)-5. ) Tji^^n^/^;/ 

i>5^d<GaiA l:-iN ({aUXlJ0<X^l(D«5fflT* 

) X7htfii>nvy7m^fiSL§^'^^. ^^\z:z(Dn 
V 7 7m<r>i.\z^{cn^) ^ h.^At'^^^^^^^^^'^'^ 

[0 0 0 1] 
[0 0 0 23 

XliOSX^ 1 cD2Qe3lC$»^) ] O^fe^Ttx/U 
(£lTMOCVD?^<i:Vip. ) i)^^<^^nx^^^^. Z. 

£^^-^9 0 ox:-! 1 0 ot:<;);6iaT{s^UT. s« 

[0 0 0 3] z<r>^o\zLx^^^^Tzmt^^)0 h.^> 
m\i^^ft}t\z\t. %-'\zt^^^^\^}i'^^^:iti^^'5i 

[0 0 0 4] ^Tz. MOC VD^^;i5ViTit77-r7S 
ffi±ICit«^:&$nfc. «^JAtiGaNJi0^ffili. 6^ 



^$|5g¥4 - 2 9 7 0 2 3 

2 

[0 0 0 5] ;:coJ:^/ira]SS«tt'r^>/c«e)::. Sfc:^ 
i:a 1 Ho>nyy7M^i^^^^^:H^'h^^%t:t\x\^^ 

^ (Appl.Phys.LclMS. 0986), 353. (7:^7^ H 7 
U^'-XdS^, 1 9 8 6^-, 353 
^cti;'4^§fl¥2- 2 2 9 4 7 6^fl^ffi) • Z<Dl5>k 

II, i?-7 7'i'7S«±ic, ^^iaa[4 0 0-9 0 ot:co 

iSiST. K/?^^] 0 0-5 0 0:t>i:/XhD-AC^A 1 
NO/N"^77 7l^l5l:t^>t)OT^^). C«7>:^vmA'';/7 
7/aT^)'5A 1 N©±lCG a N^fi£^$i|-6C(i:!I^o 
T. GaN^#^(^Ji01^fift^J:r/a®^77Dv~t 

[0 0 0 6] 

Jp^ 1 0 0- 5 0 0:t>:^7.hO-I:,t^'}f;\zn^^^m 

\zl^m\zWiAt<»Z'^i^^hi>rcib. ^oj-^yyrm^. 

:km^^(D1)'y7^7^Wi. M^^t'it^b On)m(t>(D^y7 

^7&^±±m\z. ^-\z-'^(omj^xm^r^ztt:^ 

mnx$>^. LTz^^z>X. -5-C0;\y7 7/§<^±i:J^J^"r 

^m^tf5 ^ 2xmt'^^^mi^<D}f^¥B^^X-J^mm'ey 
^O':y-^^^^<f^iLmt^:itf}mmxst;0. ^rz^ 

-m^i^^^^xizum-ox^^^ir. ^^rs.^m^^(D\n\ 
±f}^£^wxh'Drz. 

[0 0 0 7] ^^mtcoji'^i^mm^^^xu'^tirz 

t><ox$>0> ^(0E^t-^^t:i^\tAyy7^±\zp^ 

m^y^oz^-i)mm\^^Mz^x^^x^. -^^izm 
t^rz^<D, 0!L^:^}kt:m§^r^h<Dx^^. 

[0 0 0 8] 

^§^^L. i&^r^&t'^^j^yy7m<o±{z. lesiar 
x\to<x^\omE\zf^^-^t\^. 

[0 0 0 9] fl«l2/Vy77®O^^li0. 0 0 2;im£A 
±, 0. BiimUTs t^{Zff^L<\tO. 0 1-0. 
2 un\(D^m\zm^^ti>» ^o:>}^'^i)^0. OZum^K) 
f$<, ^Tz. 0. 5mn^DJPt.it, /^^y 7 7/gC7)±{i 
m&t^^iti^ U A*ft^*%)¥5©(*C03|gaoS® ^ 7 

[0 0 10] trztt]W^yy7B<0f^^m^\t2 0 ot: 

^±9 0 OV^AT. ttf^L<\t4 0 0-8 0 O-Cc^^S 
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(3) 

3 

[0 0 1 1) 

[f^^] ICG aiA li-iN (0<X^1) ^/^yy 

^^twimm^TFL. m2\zA\r^^jiyy7EtL 
[0 0 12] tz^X'A\N^r\yy7-mtLr^<t 

Solid PHns. 163, (1988), 415 {V^> 7 U v K 7 
>i';VAX 16 3^. 1 9 8 8^-, 4 1 5M) > ^o<i:l/ 
Appl.Phys.Lelt 48, (1986). 353 (7^7^ H 

V^-X 4 8^. 1 9 8 6#, 3 5 3H) ^ 20 

\zUL<^-<^tixv*^ty ^n^<Dxmz^d.m^nx 

[ 0 0 1 33 ($!)6 0 ox:) Xfi^^^'^^A 1 Nii 

II-^iKiS^b-r^). g|55^&«Jll#j^^<bt^c:gC:J^7t>V 100 

0 t:TG a N ^fitfi$^^>^ic:5(fl:cDittio tzmm^^tu 

-^0Stia;&»^GaNlgS;^tdcJfeU, i^-/-iGaN 

mJS5^S®;0^j«:&T#^. Avyrmfi^U^^-^ttlt^yr 30 

G a N <D A^a(0Ji$S;&^J5lcfi LT L ^ ^ i ^ 

[00 14] 3^^^C0iplCGaiA li-iN (0<X^ 
1) =&/W7 7®tUT?^JSLfc«^^a3fc©A 1 N 
S/V;; 7 7S ^: Ufc«^tifc®-r^» t£ilTcoj;^ 

[0 0 15] ^rJ'^yyymtLXs m?L\iX^l(DG 
al^^m^t^i&^t:^^^t. GaNCD^.^miO 
OrTi)0, A 1 NCOM^ISl 7 CCO/i 40 

«e)6 0 Ot:TG aKCD;Xu;7 7©^?KJ5lc-r^>t. ;ty7 
7®(i^^fBC0®*5^:g1-^, *li::c^^l2aOG aN 
A *y 7 7 S O ± t r G a N X t: 4^ V t ; U S ^ ^ T 
;/S:ae)ICl 0 0 Ot:ST(a5[S:±frf5i. GaN<D/^;/7 
7]iM5^Mlcmi$a{bU. A 1 Nl-;V>77^^Lfc 
«^(J:f^«l', GaNxtr^^vtA^fflOfiiBflib 
Xmti>Zt\Zfji^. 

[0 0 16] bf)^hA\N^;^yy7MtLXJ^gLLft 



47M¥4- 2 9 7 0 2 3 

^S^bL^TVi. A--;;7 7iB<^J9$^. i9< 

UT t ; 7 7 - M 1 1 T 03;A^;:i^ffl^^T ^ ^ . 

® /t7 7 7)8;!?^GaNSfC0T, -tO±llG a NCOX t! 

^^^t^rz^^^^^<o]^±m^x^i>. ^on^kf)^ 

[0 0 17] rA±(DZt^^^ti>rzlsbs A 1 N, G a 
p.sAIo.sN, GaN<^3f8ScDy"?y77iii&6 0 ox: 
T-en^niJ"7 7'f 7Stg±lr^£^b. ^<D±\Z10 0 
Ot:TG aNXt:^4v-\-;l/^^4 umOif^T/jjcSL 

/c^^cD. GaNxkr^^-^t;ngo5^:^;V!57ij7.!?^;i' 

XmUy^>'^ny^>^t}-Zf<D^^m^ (FWMH : 
full width at hal f-maxiiDUDi) t/^^y y 7—^<r>fL(^,J^t 

(D^&.^^isbrzm^m3\z^t. fwmhij/jn$im5>: 

[0 0 181 il3iI^-rcfco(CG aN^rA7 7 7iSt L/ 

xm^Lft:^ti^. ri:i^/'<yy7m<o!^}^fsimxf^^uf^f}^ 

G ao.sA l6.;Nli^C04»PDl|-{i):ai/. ±tZ%m 

[0 0 19) il4-0 7lC, '^y7^7M^±\zm^t 
^>G aN7\*-y 7 7iS(^KiP$:^A, ^b{::^0±llGa 
NOXtr:^^^">i';i-^$:4x/in^:S$-fr/i«'&C0. Ga 

N X 1 =^ V t )i^<o^m<Dmi^ %ntm^mwnm e 

^>r. E14 7!?^e,(^7 ^T^ill, J^yyymi^^ltO. 0 
0 2/217), 0. 0 7;xm. 0. 2 0Mm. d p.m 0\y 
77l5i^t) TS^. 
[0 0 2 0] cn^c^S^l.Tfe^^^^^^ct'^lC. /\'v7 

7e?&^^vi«^{i, ^m\z6^^^omFBfmri^. 

yy7mim^thm(0^mzhJ:^f)^. rs^yy7M^ 

]^^t^\zhTzi!)^^x^mi}^$^m^-\zu^m\^i)^^ 
vi!j^L/^yy7mi>m'r^i>t. ^m<ov^fi^ {mm 

*7*nv-) A5^</^-5«fP]lC*^. hltf^-DX^^ 
LVV\''y77®©^;SIi0. 0 1 ;/m3&^e) 0. 2MmcO 

[00 2 1] Sr::*^DJ(Digafi£:&*ffi;i<tS/\-^;;7 7 

ii-7 7^7S«±;t'i:tT;i<^fb:^U^A,^ft:£r 

m\Z^^\^Xhi:^\ flliltfn^GaNxtr5':^'>^;V 

aNC0Xt::$'4^vi';UJS^?^^LfcU«fr. tGIEnf^G 
aNxe;5'^->^;i//i<^±C/^!y77®^?g^L. -^-o 
A* 7 7 ^ O ± I r p ^ G a N X ^ i/ V ;P ® ^ j5)c ^ 3 

[0 0 2 2] 

ft 19 * O ?S ffl i C :fc U T @ >!r <^ 35 3E lJU A ^ C i T ^ 
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(4) 

5 

i>. 

[0 0 2 3] EISl-^T^g^fflViTSib^UOAJ^ft 

CD rfL^^ttitz2^>^<t>0-^y7^7m^^-^'^:f^ 

-^t-y^- 2^)::-^ 3\ZX^X 1 0 6 O-C^TDD 
(5) :*:lw-9-'ty:$'-2(^S^i£5 0 O'C^TTlfT. 

/g'&:yx^#t*S'r^. B'j»ai^^5 35^'=)«»g'r -sHsr^jT. ^ 

7'!fi^^4;&^«^^j^-r^>7>^:-7:yxtDnSfilj:4 • j 
^.mxi^t:f^-2 0i^mf)^S 0 Or.lI^3£T-2>^T?35 

fj^4 7:)^b7>^n7;^X<tHj;^*7II^xT. TMG 
(h'J;<^;l/;^U'^A) ;yx^2. 7X10"* ^Jl/ 

1 ^Bm-r. 

±id^. ClCTKi^O. 0 2 ;imC7)/ty 7 7ii7i^?i$J5)tT 
$blcflbc7);^7lla«L>i*J?>tJ-fey3'-2<^iaJS 
$ 1 0 0 0*C^T±^-^iti>. 

(S) •^^i:7'^-2cD^as*u 0 2 0t:^T±#Lfc^. 

R;&^XPSW^4;5^67>^-7:tfXtH2:tfXicJ!HJA 
T, TMG;^X$5. 4x1 O'* ^ ;l//:J>CDOiiST 6 
05^W^j^bTv GaNXfcf^^v^M^. 4. Oii 

2\ti^-\Zl^^^i^-^r^^'^\Z. ^-^7T5rpin 

T[Eli&$i±6. :^^^;?^cDra:T(S^^7&^ :^7$^^^ 

'5i:LT1t7 7^7a«±tC. KiSiO. 02;im(^Ga 
N;Vy77M. •^<0±li4/xmC>GaNxtr:$'^->t;U 

[0 0 2 4] [^i&mi] ooj'^yyrm^m^it^x 

ei:i3ViT, A 1 NCDA';;771$0. 0 2 ;i mCOlSi^ 

xmj^t^amt. mmmi tm&^\zLXA\u/^yy so 



1^M¥4- 2 9 7 0 2 3 

7 S CO ± 1 : 4 ;i m CT^ G a N X bf ^ 4^ V ; P iS ^ fi]^ $ 1^ 
fz. tJi^A 1 N;Vy7 7l$:^K^Jtf ®i::feUT, 

Kft:^ii7.'&^'S4f)^i^7>^zz7:^7.tH2^y.\zmx 
X. TMA (h'J;<^;i'7;U5xC7A) $2. 7X10 

■'^)i/^xi^rmbtz. 

10 0 2 5] fSi&^^t^-)vm&^^ur^ii\ 4^^m\z 

X}i^^z^^)Vm(0. ^YU7-S/Si:»5!lSi:$^in 
^^n^si). ^(DU~^\z^i>. ^i'U7-ig^> i5,i:Lf^l^ 

:i'^R^mm9. ^^,m\tmi o. :^^^u7«i$ii®, n 

[ 0 0 2 6] y >K~7'C0jiS,a$^X^L/i:«^l^^r -J 

< ^rz^^m^mm^^^h-^ c: eh ^^-r. 

[0 0 2 7] *§|Bj(ij:^GaNli, 4^rU7iig*M 
X 1 0^»/cd', 6 0 Octf/V-sect^^SflrJ:^ 

fi^^N-r. A 1 N$A'u/7 7ie^L/i]ti^^ji 

li. ^^U7ift^//l X 1 0i»/ciD». ^J;iV^^W}mi)^ 
Ocn'/V-secT$>oJ^::. 

mzioV^X. G ae. sA 1o.sNC^;N'';;77®i&0. 0 2 

umo)mj^xm^'ri>&.mt. mmmitwimzLx/^ 

yy7m(D±\ZGaUj:.}:^^^iyr)Vm'^^3iLrz. U 

^-7i57sts Hii5X\Zt\iXX. TMG^2. 7X1 
0-*^;U/:^> TMA$2. 7 X 1 o-«^;i//:^T^n 
^•no. 55^WMU/S:. CCDG aNxt:i5^4^v-vA®t> 

^y*c^^S^ia^[ci;^>^ffi^7^nv-lj:|IJI^l 

tm^^ ^^'}7^]s.^^xsmm't. m^m^t\t^ 
mi t<o^mz^mr^h<oxh^rz. 
[ 0 0 2 9] [^M^J3] ®\zi6^^xnyy7-^oA 
Siafi^e 0 or^L. <2)o:^xi^iB#R.'5<&2. 55^figic 

^JS^Jl chlnlltlCLTG aNxt'^^^/l';l'jg$^:&t 
/c, CCDGaNXtr3'=^vt;i/iit)^ffi^7;j-Dv-IJ 

[0 0 3 0] [^M^4] ®(I^ViT;t^y77-®£^^ 
^i&S^S 0 ©^(hr^f^li. ^Jl^l tf^^twtTG 
aNXtfi5'=^v^;U®$^SL/S:. dc^G a NXtf^4^ 
'>-^>il@'bSffi^7;rDv-li||J£«fyi X35n 
^ >i/;^j - >^ {1 il: li 3 if t^finrc: j^Satt b> 

[ 0 0 3 1] [^^m^] ^(Dnvyym^m^t^x 

g«C:feUT, ^««i!2i|5|»C0*ttT, Gao.iAl 

0. sK£DA777l$0. 0 2 umCO»jPT?^^Ls ® 
II^fcl^T. Slt^;^f7'ai^1®4/5^b7>^X7;y7tH2 



-122- 



.J 



:^;^lCfiOAT. TMA;y7.$:2, 7 x 1 0-*^;V/#^. 
TMG;y7.^2. 7 X 1 C^>iP/^^C7)cl^gT6 0 5>ra 
«^i^LT» Gat. jA lo.jNXt:^4^xi'^®^4. 0 

1f77-r7St&±IC, I^IPO. 02amOGao.BAI 
0. BN/V;;7 7lSt. -£-(0±lC4 umOGacsA Id.s 

[ 0 0 3 2] [I^Jfi^iJ 6] ®{C:feViT. 7>tr:7;^ 
7., H,:^;^. i3<fci;TMG;?f7x{rjiD;^T, Cp2Mg 

75:;^«^), GaNXb':^^->r;^iSlCp3y(^^i^^T^6 
Mg$H-:/LT. paaGaNXl:;:$'+vY;i/ii^£4. 

7S^±IC. SiifO. 0 2 umOGaNA-:y77;i. ^ 

p^G aNXt:5^^v-v;ue^^Jc:gHti"fc. ZCOp^'G 

t(5i^T$>0. ^T-U7iS^2. ox 1 0»*/ciD»> 3» 
1511^9. 4ciD'/'V.seca:^'f(:;^'J'^A^.{l:^^^5||{2^ 
Tli. ^.Ui*)Tpli4^i^^7KUfc« c<OCiliccDXtr:$' 
^ V ^ JH1(7)^S fait irffi tlT C t ^ ^ L T l> 

[ 0 0 3 3] Ki£i?J7] SJS{?!llT'f§/^:®JJ94 MmCD 
G a Nxtf^=^^v-\';P^CD±lr. I^HEI^e 
T, fllj^O. 0 2 iiinOG a NVn'v >'7/S> -^c^±lwM 
g ^ 1 O^^VciD' K-7'L;t^il4. OMni(Dp35!Ga 

Nxfcr:$^:^v'^;i^;B=&j33cS$'&;t. cop^caNxhr 

^D. =^-^U7SiS3, 5 X 1 0^^/ciD», ^S!)ffi8. 
5c]B»/V.scctIS|i:< p^l^ii^^Lfc. 
[ 0 0 3 4] [^JS^JS] <S)lt:feViT> 7>^X7;?J 
Hi^;^, :fe<tLfTMG^;:^(t2in^T, v^> (S 
iHi) G a NxhT^^^^v- 

nii[CDTs3C^T*^S i ^ H-yUT, 4. 0;xmCDK 
;^TfiE:&$-t^f::. ±S20cJ: ^ lcLT1^-7 7< 7S«± 
(I, HiJPO. 0 2 umOGaNA-;77ii. ■tC0±lC. 
S i O'^/ciD^ K-yLfcllfl?4 AtmCDn^Ga 

Nxt:^^^v^A)S$;3tS$-tt:t« ;:con33G aNxif 

4^tU7«Sl. Ox 1 0^»/ciD«i^^^lcifi5Vi 
4^^U7ig«^^L^c. 
[0 0 3 5] [J±«^F!I2] A 1 Nco;l!y77/S^0. 0 
2 ;/m(^^)5iT^^t^)i^^1'll> ^5^^ 8 ^fsJttlC S i 
^H-T'LT. 1t7 7'f7S^±II}^fi!tL;tA I NA'^y 
77SO±IC, ^ ^ir4 /xm0iillGaNXt:i$'4^^-V 

li, =^^U7i@fif}<?^ 5. 0X1 018/ciD*T*D. it« 



(5) ^^^^4-2 9 7 0 2 3 

[0 0 3 6] 

[5!^OJ4^] JW±IftB>^L/i:«i:^lC, GaiAl;-,N 

(0<x^ 1) ^nv-? 7m\zi&^l't^^h.\z^^ 
iticiiViT, ^laa^eooctf/v.scctu^fiiii, sit 

^blCA*'y 7 7e^?^^'r^>Ci:lCJ:-3T. -^o±lr£3^ 
10 JI^-tt^Mg$K-yL:^cGaNXt:^4S/t;H*^ 
f6305ast>^t(cp^^^f. :inil^<?Di6Tc^::a: 

^. S,*::-5'C0A'-;/77^±t::^S$-&^S i ^H-yL- 
/cn^GaN^, A 1 N $:/t^;; 7 7 U/i t)COllW:^ 
LT, ?^^lCi^li+l-'J7?SSt7j^-r. ^2: 
^COA 1 N/^;/7 7®ICit-^T. 2^f£H;3(7)/^:; 7 7© S: 

7 7^o/^;^co«&fflT. •ec7)±{ziJ:&$ii^^^{t;^U'7 
[ISffi(^fi^W.(8$2^] 

[[212] ^<St^Ot^^^§^-^mz^^J.\i^^iy^)V0 
30 X/\-CD.t?lii^^rS8S^®0o 

[113] G aNXk::5^^i/-\';U®C7)^:/;V^UX:?;V 
xmu^:;^>^ay^>^93-zf<0^m^ (FWMH) 

[0 4] G aNXtr:J':^^v^;VJgC0J|5gSC0llljg^&^*r 

[S 5 ] G a r^:z\:f^^z^^)im<DU^0WM^^'t 

me] G a Nxtf^+'>i';i/jg©i(ssaco*(^iS*^'r 

40 [0 7] G aNXt::$^4^>'1';^J§COj^a(^^f53g^Sr 
IS!S^^S0• 

(S 9 ] G a l^U^Ot^- m\^^^\Z 

[0 1 0] u^mz^i>Q z\^ik^(7)ts-)vm^^^^ 

5(? 1 — •;Si^^$?s 
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(6) 



^W^A." 2 9 7 0 2 3 



10 



[01) 



A V 7 7 w G ft xA 1 , 



^7 7 -f 7»« 



<OSX£ 1 ) 
(0<XS 1 > 



(0;SX£ 1 > 
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